‘MO-AL67 339  GENERALIZED HONITORINB OF SERSC”E (rm NANE) - 1

INSTALLATION AT CAPE HATT.. (U) CORSTAL ENGINEERING
RES RR H CENTER YICKSBURG HS J W FORNAN FEB 86

UNCLARSSIFIED CERC-NP F/G 1372 NL

- L
PR




LA ue e are ann g
)

BERRAA AN R A AN S 2 .
o RN ORI VAR RO, CF, SV TSNt S

BB 28 gy« Jnp b St g P Spth Tgh - Bt gt -

Ty T w

I
o

o

I
I

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAyY OF STANDARDS - 1963 - &

FCFFEER

EEER
i

re
I
]
M‘N
(o]

==
=

N
o
o

M
E
E

‘-—— sy e,




‘ . | :
L)
US Army Corps
of Engineers

AD-A167 339

MISCELLANEOUS PAPER CERC-86-2

GENERALIZED MONITORING OF SEASCAPE®
INSTALLATION AT CAPE HATTERAS
LIGHTHOUSE, NORTH CAROLINA

by
J. W. Forman

US Army Engineer District, Wilmington
PO Box 1890
Wilmington, North Carolina 28402-1890

Field Data Collected by
Coastal Engineeering Research Center

DEPARTMENT OF THE ARMY
Waterways Experiment Station, Corps of Engineers
PO Box 631, Vicksburg, Mississippi 39180-0631

February 1986
Final Report

Approved For Public Release; Distribution Unlimited

Prepared for

The National Park Service
Cape Hatteras Seashore
North Carolina

v, v, 0"
A - §-
“© 88

'y N
LI N

-
L)

g
s

By pn LIS JEL
AN
PXAAARAL

.
)

A.“:"\.‘ ¢
W

1 (A
T L

08 8 YN
f{{{?i’l.

{'v
2

7

)
»

e
l,"
.'.I
(s
o
e

'''''
-




r.\t-.wvmwv.ﬂ'v‘cwr{'v'w?\- -

U lassinied.

SECURITY TUASSIFICAT "y 16 Yo § 587 Whao Tacw Enrnen !

RS

- RFAD INSTRUCTIONS
REPORT DOCUMENTATION PAGE | RAD INTRICIONS en
T REPORT NUMBER ) TUTLOVY ACCE S aoN ~o R NS AT Al I NLMAER
Miscel lancous Paper € RE=36=2 {
sollaneos Paper O ADR 69330 ]
4 TITLF rand Subtitle) 5 TYPE OF REPDRT & PERISD COVERED
GENERALIZED MONTIORING OF SEASCAPE® INSTALLATION ..
D D iy e o o . Final report
AU CAPE HATIERAS LIGHTHOUSH, NORIH CAROLINA
6 PERFORMING ORG. REPORT NUMBER
7. AUTHOR(e) T T T T T T T T T TS CONTRACT OR GRANT NUMBER(S) 7
Jd. W.o Forman
(S PERFORMING ORGANIZATION NAME AND ADDRESS - 10 TPRGGRAM ELEMENT PROJECT. TASK
" e . . e AREA & WORK UNIT NUMHBERS
Us Army Engineer District, Wilmington, PO Box
1890, Wilmington, North Carolina 28402-1890 and
US Army Engincer Waterwavs Experiment Station,
Coastal Engineering Research Center, PO Lox 631, [12 ReEPorT DATE
Vicksburg, Mississippi  319180-06131 February 1986
11 CONTROLLING OFFICE NAME AND ADDRESS ' I3 NUMBER OF PAGES
The National Park Servlce 69
Cape Hatteras Seashore 15. SECURITY CLASS. (of thie report)
worth Carolina {Fi
> i
14. MONITORING AGENCY NAME & ADORESS(If diiferent from Controlling Office) Unclassi ed
T5a. DECL ASSIFICATION DOWNGRADING
SCHEOULE
16. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, If different from Report)
18. SUPPLEMENTARY NOTES
Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161. R
. AR L . /r NG oy
19. KEY WORDS (Continue on reverss alde if necessary and identify by block number)
“Offshore structuresg=Evaluation. (LC) . , / ) v+ -
Scascape (Artificial scaweed)y - (690) ' ‘
Offshore structures--Hydrodynamics. (LC) ) ;
lLighthouse--North Carolina--Capec Hatteras--Protection. (LC) BRI :
Cape Hatteras (N.C.) i .
20. ABSTRACT (Contioue an reverse side If necessary and identify by block number) ) - .—‘-ﬂ'—_ R .
This reprint of a report prepared by the US Army Engineer District,
Wilmington, documents a monitoring program to assess the effectiveness of N
SEASCAPE®, an artificial scaweed-for temporarily stabilizing the shoreline
fronting the lighthouse at Cape Hatteras, North Carolina. - This study is part
of a larger effort requested Ly the National Park Service to develop a long-
term protection plan for the lighthouse. 'he monitoring program consisted of
aerial photography, beach profile surveys, reconnaissance dives, and ground
(Cont inued)

roam

DD \‘ax s W73 eoimiom oF 1 nOv 6315 OBSOLETE L
Unclassified

SECURITY CLASSIFICATIAN NF Tt 2a Wy mcm boored)

N P ] ‘("‘n‘ ST A T Tpe R R I T T O I AT ST P
PR TR W v YRS, S AR I RS .‘x'-‘x'.\";:.\i‘; R S, O P




Unclassified
SECURITY CLASSIFICATION ° THis PAGE(When Data Entered)

1
vy
Ot ¥

20. ‘ABSTRACT (Continued).

2, 3
rLe
A

r"r v, -
B

photography. Although considerable accretion occurred during the monitoring
period, the accumulation was the result of a general buildup of the beach
which averaged 25 ft over the 6.l-mile study area. There was no conclusive
evidence to link the buildup to the 5,000 ft of SEASCAPE® which was deployed
in October and November 1982. Moreover, it was not possible to attribute
burial of the SEASCAPE'O)to the action of the artificial seaweed versus burial
by normal wave-driven migration of sand. The units themselves were found to
deteriorate and to fragment with whole units and parts of units washing up
on the beach. , . s 4 >

»

o+
5

£
“

-

Unclassified

SECURITY CLASSIFICATION OF THIS PAGErWhen Date Entered)




PREFACE

This report describes the methods and results of a study undertaken in
October 1982 to assess the performance of SEASCAPE®, an artificial seaweed-
like erosion control device, at Cape Hatteras, North Carolina. The study was
conducted for the Cape Hatteras Seashore National Park Service by the US Army
Engineer District, Wilmington (SAW). Field data collection activities were
performed by the US Army Engineer Waterways Experiment Station (WES) Coastal
Engineering Research Center (CERC) Field Research Facility (FRF) in Duck,
North Carolina.

The report was prepared by Mr. J. W. Forman, Project Engineer, SAW
Coastal Engineering Branch, under general supervision of Mr. L. Vallianos,
Branch Chief. The report was originally published as a Wilmington District
report but is being reprinted as a WES Miscellaneous Paper because of its
potential interest to a large number of Corps field offices. Funding for
publication was provided by SAW and the US Army Corps of Engineers Coastal
Flooding and Storm Protection Program.

During the course of the study, COL Wayne A. Hanson was District
Engineer, SAW, and Mr. Jaman Vithalani was Chief, Engineering Division.

Mr. Michael W. Leffler served as the FRF Project Manager, under direct
supervision of Mr. Curtis Mason, Chief, FRF. Dr. James R. Houston, Chief,
CERC; Mr. Charles C. Calhoun, .Jr., Assistant Chief, CERC; and Mr. Thomas W.
Richardson, Chief, Engineering Development Division, provided general
guidance.

Director of WES during publication of this report was COL Allen F.

Grum, USA; Technical Director was Dr. Robert W. Whalin.
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Introduction

In 1980, after severe winter storms caused extensive erosion of the shore-~
line fronting the Cape Hatteras Lighthouse, the National Park Service (NPS)
employed the Corps of Engineers, Wilmington District, to provide technical
assistance in developing a plan for long-term protection of the historic
lighthouse from destruction by the sea. As part of that effort, the
Wilmington District also assisted NPS by designing and constructing interim
protective measures and conducting a monitoring program to assess the
effectiveness of an artificial seaweed product «called SEASCAPE® for

stabilizing the shoreline fronting the lighthouse.

The purpose of this report 1is to describe the methods and results of a
generalized study undertaken in October 1982 to assess the performance of
SEASCAPE® as an erosion control device at Cape Hatteras. The performance of
SEASCAPE® is evaluvated in terms of the extent of beach and shoreline changes
related to the SEASCAPE® installation in the study area, the durability of
the material in the nearshore environment, and the adequacy of the anchoring

and installation methods used in the installation.

Installation of SEASCAPE® was sponsored and financed by the Committee to

Save the Lighthouse, a private organization established to acquire funds
through public uunations for the purpose of providing protection to the Cape
Hatteras Lighthouse. The National Tark Service agreed to monitor the
installation and, in turn, requested the services of the Corps of Engineers

to do so.

During the course of the investigation, Colonel Wayne A. Hanson was District
Engineer, Wilmington District, and Mr. Jaman Vithalani was Chief, Engineer-
ing Division. The study and report preparation was conducted and managed by
the Coastal Engineering Branch under the supervision of Mr. L. Vallianos
with Mr. J. W. Forman serving as project engineer. Diving and surveying
field activities were performed by personnel from the Waterways Experiment

Station, Coastal Engineering Research Center, Field Research Facility (FRF),
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. at Duck, North Carolina, under the direction of Mr. Curt Mason, Chief, FRF,

with Mr. Mike Lefler serving as the project manager.

Study Area Location

The Cape Hatteras Lighthouse is located on Hatteras Island in the village of
Buxton which is approximately 50 miles* south of Nags Head, North Carolina,
along N. C. Highway 12 (see figure 1). Hatteras Island is the most easterly
island in a long chain of low narrow barrier islands that separate the
Atlantic Ocean from Back Bay and Albemarle and Pamlico Sounds and is part of
lands administered by the NPS known as the Cape Hatteras National Seashore
Recreation Area. The particular segment of shoreline relevant to the study

reported herein extends from Cape Point (Cape Hatteras) northward a distance

of 6.1 miles to a point just south of the village of Avon, N. C. The light-

house 1is situated in the approximate center of this reach of shoreline.

History of Cape Hatteras Lighthouse and =:J

Related Shore Protection Measures !
b

The first Cape Hatteras Lighthouse was constructed in 1802, It was a

e

natural sandstone tower, 90 feet tall, supported by a stone foundation.

. o iy 4 NN
'

l’ / "
[ 2 S

Construction of the present lighthouse was completed in 1870. The existing

striped tower is a masonary structure approximately 208 feet in height. 1t

S .
ot h
N P

was built 600 feet north of the original lighthouse at a distance of about

a s

v

1,500 feet from the shoreline. e

e
By 1919 the ocean shoreline eroded to within 300 feet of the relatively new 'f
lighthouse. Groins were installed along the shoreline fronting the .
lighthouse in 1930, but by 1932 the shoreline eroded to within 100 feet of 'f:
the present structure, 1In 1935 a steel skeleton tower 150 feet tall was .EE

erected approximately 1 mile inland, and the light was moved from the
lighthouse tower. In the decade that followed, the erosion trend reversed, el

and the light was moved back to its present lJocation in 1950.

(metric) units is presented on page vii.
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In the mid-1950's, the U. S. Navy constructed a research facility on the
oceanfront property just north of the lighthouse. Since 1960, the light-
house has been the beneficiary of a number of shoreline stabilization
measures constructed to protect the naval facility. The initial protection
measures consisted of the construction of a nylon bag revetment fronting the
naval facility. Constructed in the 1late 1960's, the bags deteriorated
rapidly and were finally displaced during northeasterly storms in the early
1970's. The second attempt to stabilize the shoreline was instituted by the
Naval Facilities Engineering Command in 1970. Three concrete and steel
sheet pile groins were constructed on the beach fronting the naval facility
and lighthouse. As shown in photo 1, the southernmost groin was located on
the beach approximately 100 feet south of the lighthouse. Repairs were
required immediately following construction to correct failures in the steel
sheet pile portions of the groins. Additional repairs have been required
since construction. In spite of the maintenance problems, the groins have
beea successful in stabilizing the shoreline fronting the 1lighthouse.
Without the stabilizing effects of the grolas, the shoreline would have
continued to recede, allowing the ocean to endanger and, quite possibly,

destroy the lighthouse.

Since 1965 the National Park Service has iastituted several shore protection
measutes that indirectly provided some protection for the lighthouse.
Specifically, NPS nourished the beach immediately north of the lighthouse in
1966, 1971, and 1972. The largest nourishment effort was in 1972 when 1.3
million cubic yards of sand were pumped from a borrow area at the Cape

Hatteras Point to the beach north of the northernmost groin.

In March 1980 during a severe winter storm, the shoreline immediately south
of and adjacent to the southernmost groin eroded to within 70 feet of the
lighthouse. Taken during 1982, photo 2 shows the eroded condition south of
the lighthouse. As a result of this erosion episode, strong public concern
was expressed for the future security of the historic lighthouse with a
consensus that NPS take action to provide immediate and long-term protection
for the structure. Landward extensions of the southernmost groin in 1980

and 1982 provided immediate protection to the southern exposure of the
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Photo 1 Groins at Cape Hatteras Lighthouse

Photo 2 Eroded Condition South of South Groin
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lighthouse. Additional protection was provided by NPS with placement of a

sand~filled nylon bag revetment along the exposed area in 1982.

In July 1981 NPS requested Corps of Engineers assistance for developing a
3 long-term protection plan for the 1lighthouse. The protection schenme
. selected by NPS consists of encircling the lighthouse with a wave reflecting
seawall fronted by a rubblestone toe protection apron (see figure 2). The
seawall and revetment project design is ongoing with construction scheduled
for fiscal year 1986.

s

ST

In order to ensure the protection of the lighthouse in the interim period
prior to construction of the seawall and revetment, two protective measures
have been undertaken. A rubblestone scour protection apron was constructed
N around the toe of the landwardmost 260 feet of the south groin (see photo
; 3). Constructed by the Corps in March 1983, the scour apron will ensure the
g continued existence of the functional portion of the groin. The groin's
: function of stabilizing the beach fronting the lighthouse is critical in the
- protection of the lighthouse foundation from shoreline erosion along the
south flank.

The second interim measure consisted of installation of an artificial sea-
‘é weed material called SEASCAPE®. The material was installed along lines
. extending 5,000 feet south from the south groin parallel to shore in 6 to 10
feet of water. This work was done independently of NPS or Corps of
Engineers activities; however, because of the untested nature of this
particular artificial seaweed product and the novel application of
. artificial seaweed as a shoreline stabilization measure in a high energy
_ nearshore ocean environment, the Corps was employed by NPS to monitor and
- report the effectiveness of the SEASCAPE® 1{nstallation. This report
discusses the extent and results of the monitoring effort conducted over the
period from October 1982 through February 1984.
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Study Area Environmental Conditions

Winds. Surface wind data for Cape Hatteras is summarized in figure 3. As
can be seen from this wind rose diagram, the predominant winds occur from
the northeastern and southwestern quadrants, which is typical of the entire

coastal region of North Carolina.

An indication of the frequency thar severe windstorms occur at Cape Hatteras
is contained in tables 1 and 2. These tables show the number of windstorms

having a maximum wind velocity greater than 45 miles per hour.

According to the data, an average of four storms with wind velocities

greater than 45 m.p.h. occur each year.

Waves. The best source of information for describing the wave climate at
Cape Hatteras are the data available from the Wave Information Study (WIS)
conducted at the Corps of Engineers' Waterways Experiment Station. The WIS
Phase III hindcast data provides wave height, period, and direction for 166
U.S. Atlantic coast locations based on 20 years of meteorlogical data.
Tables 3 and 4 show monthly mean significant wave heights and maximum
significant wave heights for the 20 years of hindcast data. Mean wave
height for Cape Hatteras is 2.2 feet (0.68 meter). The maximum wave height
from the 20-year rtecord is 16.7 feet (5.1 meters). The wave height and
direction rose in figure &4 shows that the largest waves approach the

shoreline from the northeast quadrant.

Water Levels. Ocean water level variations at Cape Hatteras are the result

of astronomical and wind-driven effects. Astronomical tides are semi-
diurnal and have a mean and spring range of 3.4 and 4.1 feet, respectively.
Windstorm tides at Cape Hatteras can be significant during winter storms.
Wave and water overwash are fairly common during these extratropical storms

("Northeasters").
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TABLE 1

AT

DATA ON NUMBER OF WINDSTORMS
ABOVE 45 MILES AN HOUR, BY MONTHS

G

(1914-1965) o

3

A
Number of Storms With A N
Winds Over 45 Miles Per Hour .
Average Times Average Wind Velocity )
Month Total Per Year m.p.h.) ':":-:'
January 23 0.44 51 ]
February 25 0.48 53 S
March 26 0.50 54 -~
April 19 0.37 50 ot
May 9 0.17 49 B3
June 5 0.10 50 R
July 10 0.19 52
August 19 0.37 55 R
September 20 0.38 62 \,'
October 14 0.27 51 -
November 22 0.42 53 L
December 16 0.31 53 R
Total 208 4.00 T
TABLE 2 T
DATA SHOWING NUMBER AND DIRECTION OF WINDSTORMS ?Z:;i.‘::

OF OVER 45 MILES AN HOUR (1914-1965)

Direction
Item N NE E SE S SW W NW Total
Number of Storms 45 13 3 16 12 26 25 68 208

Average Per Year 0.8 0.25 0.06 0.31 0.23 0.50 0.48 1.31 4.00 s

Percent of Total 22 6 1 8 6 12 12 33 100 el
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The SEASCAPE® Product

The synthetic seaweed material SEASCAPE® was developed and is marteted by
SEASCAPE® Technology, Inc., of Greenville, Delaware. Each unit is construc-
X ted of spunbonded polypropylene Typar® fabric and consists of a 5-foot-long
anchor tube with 2-inch-wide, 4-foot-long fronds attached. The anchor tube
is filled with sand or gravel to provide a gravity anchoring system upon
installation. Photo 4 shows a SEASCAPE® unit in an aquarium with positively
buoyant foam sewn to the ends of each frond so the fronds will float

vertically in the water column.

s *- 'A

[y z‘} - L

Photo 4 SEASCAPE® Unit in Aquarium (REF.3)
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The intended function of the artificial seaweed is to reduce the speed of
sand-bearing currents, allowing sand to settle and accumulate in the
vicinity of the seaweed material. With this mechanism in mind, SEASCAPE®
was placed in the nearshore zone at Cape Hatteras Lighthouse in several
shore-parallel rows approximately 1 mile long. The installation was based
on the premise that the accumulation of sand around the SEASCAPE® would
build an offshore sandbar. Wave energy would be dissipated causing the
beach inshore of the SEASCAPE® to accrete or erode at a rate much less than

norual.

SEASCAPE® Installation at Cape Hatteras Lighthouse

First Installation. The artificial seaweed material SEASCAPE® was installed

in the ocean adjacent to Cape Hatteras Lighthouse on two separate occasions.
The first installation was a demonstration project by the product manufac-
turer, Seascape Technology, Inc., in which the SEASCAPE® material and
installation was provided at no cost to the NPS or the Committee to Save the
Lighthouse. During May 6, 8, and 9, 1981, five hundred SEASCAPE® units were
installed in five shore-parallel rows in approximately 4 to 7 feet of water.
As shown 1in figure 5, the installation zone extended south from the
southernmost groin a distance of approximately 350 feet. No survey control
information or construction drawings are available for the installation, so

the exact location and dimensions of the drop zone are unknown.

The first installation took place during a mild northeaster with 35 m.p.h.
winds and 5~foot seas. The anchor tubes were filled with sand on the beach
and hauled to the water's edge with a front loader. The units were then
strapped to surfboards and hauled to the offshore drop zone marked 1in the

water by buoys.

Second Installation. Following the first installation of SEASCAPE®, there

was significant buildup of the beach south of the south groin. This buildup
is described in the report prepared for SEASCAPE® Technology, 1Inc. (2)
Because of the apparent success of the first installation of SEASCAPE® and
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the attendant media coverage, there was strong desire for a second, much

larger installation for protection of the lighthouse.

The second installation took place between October 18 and November 12, 1982,
and, as mentioned previously, was sponsored by the Committee to Save the
Lighthouse. On a much larger scale than the May 1981 demonstration project,
the November 1982 installation involved the placement of 5,000 SEASCAPE®
units in 5 shore-parallel rows approximately 10 feet apart. The drop zone
was in 6 to 10 feet of water and extended south 5,000 feet from the south
groin (see figure 5). No horizoatal control information or construction
drawings are available for the second installation; accordingly, the exact

locations of the various units is uot known.

The anchor tubes were filled with sand hauled to the village of Hatteras,
N.C. The sand filled SEASCAPE® units were then traansported to the drop zone
out of Hatteras Inlet aboard the fishing trawler shown in photo 5. Each
unit was released into the drop zone marked by buoys by sliding down a chute

mounted on the stern of the trawler (see photo 6).

SEASCAPE® Monitoring Methods and Results

Scope

The program for monitoring the performance of SEASCAPE® at Hatteras Light-
house was developed by the Wilmington District in cooperation with the
Coastal Engineering Research Center, Field Research Facility (FRF) at Duck,
N.C. The monitoring program was designed and implemented to address the

following basic questions:

1. Did the 1installation of SEASCAPE® artificially stabilize the
stretch of shoreline where it was placed? Were changes in the plan form of
the beach that occurred during the period following installation of

SEASCAPE® directly attributable to SEASCAPE®?

17
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2. Did the presence of SEASCAPE® noticeably result in any specific

zones of stability in the offshore zone?

3. Did the material remain in place following installation? How did
the SEASCAPE® material perform in terms of methods of placement, anchoring

method, and material strength and durability?

A program consisting of quarterly aerial photography, low altitude oblique
photography, ground photography, recoanaissance dives, and beach profile
surveys was combined to provide a generalized evaluation of SEASCAPE®

perfcrmance.

The initial wmonitoring plan was implemented in October 1982 during the
initial stages of the second and most extensive SEASCAPE® installation at
the lighthouse. Dates of the specific monitoring activities are provided in
table 5. Figure 6 provides a graphic chronology of the monitoring activi-
ties. The initial plan proved to be insufficient in terms of providing
information on whether the SEASCAPE® units remained in place and whether the
SEASCAPE® affected and stabilized the beach profile by forming and maintain-
ing an offshore sandbar. In January 1983, the monitoring program was
revised to include beach profile surveys of the installation zone and a more
quantitative diving plan. 1In all, FRF personnel made seven field visits to
the study area. Diving, beach profile survey, and ground photography data
were collected during each visit and supplied to the Wilmington District.

The monitoring was terminated at the end of calendar year 1983.

Definitions of the beach features and 1items used 1in discussion of the

monitoring activities are presented in figure 7.
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Aerial Photography

General. A time series of aerial photography was assembled for the
shoreline south of Avon, N.C., to Cape Hatteras Point. The photography was
used to obtain a quantitative evaluation of shoreline movement within the

study area. The study area was defined as the reach of shoreline starting

at a point four miles north of Cape Hatteras Lighthouse and extending to the
Cape Point. The collection of photography consisted of photography on hand
in the Wilmington District and photography obtained during and specifically

for the monitoring effort.

Method of Analysis. Color and black and white 9x9 inch consecutive vertical

aerial photographs with a nominal scale of 1 inch equals 1,000 feet and 60
h' perceat overlap between photographs were collected for nine overflights

ranging in time from December 1981 to February 1984 (see table 5).
Consecutive photos for each flight were assembled into uncontrolled aerial

mosaics by matching image details in adjoining photographs. 1In order to

minimize tilt distortion, only the middle 50 percent of each frame was used

to construct the mosaics.

The December 1981 aerial mosaic in figure 8 shows the study area divided
into five segments denoted as cells 1 through 5. Each cell is defined by a
shore-parallel baseline and perpendicular boundaries at ground points
identifiable on each set of mosaics. Cells 1 and 2 are shoreline segments
outside the direct influence of the groin field. Cell 3 includes the groin
field and the shoreline immediately north of the groins. Cells 3 and 4 are
the areas of specific interest in this study. As shown in figure 8, this
reach of shoreline is directly affected by the groin field and the SEASCAPE®
installation which is located offshore in cell 4. The Cape Hatteras Point

area is contained in cell 5 and is the termination of a large-scale littoral

cell reaching some 40 miles from Oregon Inlet (see figure 1),
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TTERAS SHORELIN